Context. The origin of the globular cluster (GC) NGC 3201 is under debate. Its retrograde orbit points to an extragalactic origin, but no further chemical evidence supports this idea. Light-element chemical abundances are useful to tag GCs and can be used to shed light on this discussion. Aims. Recently it was shown that the CN and CH indices are useful to identify GCs that are anomalous to those typically found in the Milky Way. A possible origin of anomalous clusters is the merger of two GCs and/or the nucleus of a dwarf galaxy. We aim to derive CN and CH band strengths for red giant stars in NGC3201 and compare these with photometric indices and high-resolution spectroscopy and discuss in the context of GC chemical tagging. Methods. We measure molecular band indices of S(3839) and G4300 for CN and CH, respectively from low-resolution spectra of red giant stars. Gravity and temperature effects are removed. Photometric indices are used to indicate further chemical information on C+N+O or s-process element abundances that are not derived from low-resolution spectra. Results. We found three groups in the CN-CH distribution. A main sequence (S1), a secondary less-populated sequence (S2), and a group of peculiar (pec) CN-weak and CH-weak stars, one of which was previously known. The three groups seem to have different C+N+O and/or s-process element abundances, to be confirmed by high-resolution spectroscopy. These are typical characteristics of anomalous GCs. The CN distribution of NGC 3201 is quadrimodal, which is more common in anomalous clusters. However, NGC 3201 does not belong to the trend of anomalous GCs in the mass-size relation. Conclusions. The globular cluster NGC 3201 shows signs that it can be chemically tagged as anomalous: it has an unusual CN-CH relation, indications that pec-S1-S2 is an increasing sequence of C+N+O or s-process element abundances, and a multi-modal CN distribution that seems to correlate with s-process element abundances. The non-anomalous characteristics are that it has a debatable Fe-spread and it does not follow the trend of mass size of all anomalous clusters. Three scenarios are postulated here: (i) if the sequence pec-S1-S2 has increasing C+N+O and s-process element abundances, NGC 3201 would be the first anomalous GC outside of the mass-size relation; (ii) if the abundances are almost constant, NGC 3201 would be the first non-anomalous GC with multiple CN-CH anti-correlation groups; or (iii) it would be the first anomalous GC without variations in C+N+O and s-process element abundances. In all cases, the definition of anomalous clusters and the scenario in which they have an extragalactic origin must be revised.
Introduction
The paradigm that defines globular clusters (GCs) has slowly changed since the first studies pointing to multiple populations such as and . A substantial amount of work has been done based on high-resolution spectroscopic and photometric observations during the last two decades. It is well known that all globular clusters present a star-to-star variation of light-element abundances, such as the Na-O anti-correlation (e.g. Gratton et al. 2004 Gratton et al. , 2012 or the C-N anti-correlation (e.g. Cohen et al. 2002; Briley et al. 2004; Da Costa et al. 2004; Kayser et al. 2008; Pancino et al. 2010; Smolinski et al. 2011) . The most plausible scenario to explain the anti-correlations is self-enrichment (e.g. Prantzos & Charbonnel 2006) , where the nature of the polluters is the current open question of this field. Asymptotic giant branch (AGB) stellar ejecta (e.g. D 'Ercole et al. 2008) , fast-rotating massive stars (e.g. Decressin et al. 2007) , and massive binaries (e.g. de Mink et al. 2009 ) are among the possible candidates. In all cases, nucleosynthesis and stellar evolution have been discarded because un-evolved main sequence stars A&A proofs: manuscript no. dias_mar18_SAGA also present the anti-correlations above (e.g. Briley et al. 1994; Kayser et al. 2008; Pancino et al. 2010; Milone et al. 2013) . Therefore the origin of the primordial chemical anomalies in GCs is environmental and still remains unknown (see e.g. Renzini et al. 2015) . For an updated review on the recent scenarios and comparisons with observational constraints we refer to Bastian & Lardo (2018) .
A few GCs also present a star-to-star spread in metallicity, C+N+O, and s-process element abundances, where each group has a spread in p-capture element abundances, such as Na-O and C-N anti-correlation, for all cases when abundances are available (more details in Da Costa 2015; Marino et al. 2015) . They are called anomalous GCs and are usually associated to a peculiar formation and evolution history, possibly originating in dwarf galaxies that were captured by the Milky Way (e.g. Da Costa 2015). They are important targets to be analysed also in terms of light-element anti-correlations described above to characterise these clusters as typical globular clusters or anomalous. One of these targets is M 22 (Da Costa et al. 2009; Marino et al. 2009 ), although Mucciarelli et al. (2015b) argued against a [Fe/H] spread for M 22. Marino et al. (2011) showed that the CN index S(3839) traces [N/Fe] and the CH index G4300 traces [C/Fe] ; they split the stars into two groups in terms of sprocess element abundances. The s-poor group has a bimodal C-N anti-correlation, as expected from CNO-cycle enrichment, and the s-rich group also has an anti-correlation but the sample is small, therefore it is not possible to say whether the distribution is bifurcated or not. Consequently M 22 presents two groups with C-N anti-correlation and not a broad correlation as Norris & Freeman (1983) concluded (see also Lim et al. 2017) .
The anomalous cluster NGC 1851 is also potentially a result of the merger of two globular clusters . As in the case of M 22, no CN-CH anti-correlation was found at first sight by Lardo et al. (2012) . However, a more detailed analysis revealed a strong anti-correlation of [C/Fe] and [N/Fe] by Lardo et al. Another interesting result is that NGC 1851 does not present a bimodal distribution of CN no [N/Fe] , but does present a quadrimodal CN distribution as shown by Campbell et al. (2012) . A closer look at the bimodal CN distribution of M 22 also reveals a quadrimodal distribution (see Sect. 4.3.) A difference between M 22 and NGC 1851 is that the latter presents a diffuse stellar halo that could be a remnant of its host dwarf galaxy after being captured by the Milky Way (Olszewski et al. 2009; Bekki & Yong 2012) . However, if M 22 had a stellar halo, it was possibly stripped off because the cluster is closer to the Galactic centre (Da Costa 2015) . In conclusion, the formation scenario for both M 22 and NGC 1851 points to a merger of globular clusters, however the details may not be entirely the same. A few other anomalous clusters can be added to this group: NGC 5286, M 2, NGC 5824, M 19, M 54, and M 75 (Da Costa 2015; Marino et al. 2015) .
Another intriguing cluster is NGC 3201. Although Simmerer et al. (2013) showed that this object is among the clusters with an intrinsic [Fe/H] spread, other works have strongly suggested otherwise (Covey et al. 2003; Muñoz et al. 2013; Mucciarelli et al. 2015a ). Nevertheless, NGC 3201 has a retrograde orbit (Gonzalez & Wallerstein 1998) , which indicates a contentious history for this GC, with a possible extragalactic origin, similar to the case of ωCen (Bekki & Freeman 2003) . It is a good candidate to present a peculiar CN-CH relation as in the case of M 22. Smith & Norris (1982) found a bimodal distribution of CN for NGC 3201 red giant branch (RGB) stars, but not as marked as for other typical GCs, such as NGC 6752 and M 4. They also found a mild CN-CH anticorrelation but with one star that was CN-weak and CH-weak, in agreement with Da Costa et al. (1981) . A new analysis of CN and CH for NGC 3201 in comparison with the latest highresolution spectroscopy, photometric data, and CN and CH of typical and anomalous GCs is needed. In this work we analyse CN and CH indices of RGB stars from NGC 3201, and discuss the origin of this GC as done for other anomalous GCs.
The paper is organised as follows. In Sect. 2 we describe the photometric and spectroscopic observations. The spectroscopic analysis and calibrations are done in Sect. 3. The multiple stellar generations of NGC 3201 are discussed in Sect. 4 and compared to other anomalous clusters. Finally in Sect. 5 we discuss the origin of NGC 3201. Summary and conclusions are given in Sect. 6.
The data

Target selection from pre-images
The observations were carried out using the European Southern Observatory (ESO) Faint Object Spectrograph and Camera (v.2), EFOSC2 (Snodgrass et al. 2008) , mounted on the 3.6 m New Technology Telescope (NTT) at the ESO-La Silla Observatory, Chile. We used archival images in B and V filters centred at NGC3201 to select RGB stars and prepare the masks in this region. To obtain more RGB stars we observed additional pointings to the north and to the south of the cluster; we observed also in B and V filters and kept half of the cluster in the field of view of 4 ′ x4 ′ (see Table 1 ). Data reduction was done using ESO pipeline esorex.
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To select RGB stars we carried out point spread function (PSF) photometry on B and V images using default procedures with DAOPHOT at image reduction and analysis facility software (IRAF) (Stetson 1987) . From the colour-magnitude diagram (CMD, see Fig. 1 ) we selected all RGB stars brighter than V < 15 and identified them in the pre-image. We note that the broad RGB is due to differential reddening (Kravtsov et al. 2009; von Braun & Mateo 2001) . We selected the best targets that would provide spectra with features of CN, CH, and Fe on the detector without overlapping with neighbouring stars. In total we selected 46 RGB stars in NGC3201. From Fig. 1b one star is located at the AGB phase at about V∼13.4 mag and a further three brighter stars at about V∼13.0 mag cannot be clearly tagged as RGB or AGB. We note that these stars do not change the trends discussed in the plots, therefore we keep them in our analysis.
We note that all other stars are located at the upper RGB, that is, during the RGB bump or above it. Gratton et al. (2000) discussed how the mixing that takes place at the RGB bump changes the abundances of C and N with respect to the lower RGB abundances (see also the review by Salaris et al. 2002) . These changes do not imply changes in the CN-CH distributions, as we show in this paper.
The estimation of the RGB bump magnitude was done at a first approximation based on the equation as a function of metallicity by Salaris et al. (2002) that results in 0.47 mag above the horizontal branch (V = 14.8 mag, Harris 1996 Harris , 2010 . However, the empirical and theoretical values differ by about 0.2 to 0.4 mag at the metallicity of NGC 3201 ([Fe/H] = -1.46, see e.g. Riello et al. 2003; Di Cecco et al. 2010) . Therefore, it is fair to say that the RGB bump of NGC 3201 is at V ∼ 14.7 mag. This is the value estimated by Kravtsov et al. (2009) with the same photometric data. In panels c and d of Fig. 1 we show the luminosity function of all stars and RGB stars respectively, indicating the over densities of the horizontal branch and RGB bump, which agree with the expected values. 
Spectroscopic observations
After selecting the targets and preparing the masks, we performed the spectroscopic observations in Multi Object Spectroscopy (MOS) mode of EFOSC2. For each pointing (centre, north, south) we took three observations of 20 minutes each to reach enough signal-to-noise (S/N) and to correct cosmic rays. We used grism #07, which covers the blue region from 3270-5240Å, slit width 1.34 ′′ , and length 8.6
′′ , which means a spectral resolution of ∆λ = 7.4 Å, or R≈500. The pixel scale is 0.12 ′′ , and we chose binned readout mode 2x2 that makes the pixel scale be 0.24 ′′ . Data reduction was done also using the ESO pipeline esorex. Each spectra was normalised locally to measure each index of CN and CH separately. For the CN index, we fitted a straight line to the two pseudo-continua defined by Pickles (1985) , and for CH we proceeded in the same way using the two pseudocontinua defined by Harbeck et al. (2003) . Table 1 gives further information.
Spectroscopic analysis
Membership selection
From 48 spectra observed, we excluded six that did not have enough coverage to measure a CN index. These include the AGB star with V=13.2 mag and one of the RGB tip stars. Two stars were observed twice and we excluded the two spectra with the . We ended up with a sample of 28 valid spectra. The other three RGB tip stars are not biased to any particular group in Fig. 2 , two are S1, and the other is pec.
To ensure that we are studying stars only from NGC 3201, member stars were selected using the traditional plot of Fe abundance versus heliocentric velocity (Fig. 2) . We derived radial velocities of the individual stars using the cross-correlation python package crosscorrRV.
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This package calculates the radial velocity of stars shifting the rest-frame wavelength axis of a template. We used as template a synthetic spectrum (Coelho et al. 2005 3 ) for a typical red giant star in NGC 3201 with parameters T eff = 5000 K, log(g)=1.0, [Fe/H]= −1.5, and [α/Fe]= +0.4. The resolution of the synthetic spectrum (∆λ ≈ 0.2) was degraded using IRAF task gauss to match the resolution of the stellar spectra of our sample (∆λ ≈ 7.4). We performed cross correlation using the K and H Calcium lines region (3933.66 Å and 3968.47 Å) . We also corrected the radial velocities from the motion of the Earth to the heliocentric reference using the python package helcorr 2 . Errors were assumed to be the full width at half maximum (FWHM) of the cross-correlation function, which is about We ran a Bensançon model 5 (Robin et al. 2003 ) with a solid angle of 0.2 deg 2 at the direction of NGC 3201 and selecting only giant, bright giant, and supergiant stars from all Galactic components with visual magnitude between 18 < V < 10. The simulation resulted in 309 stars with metallicities higher than [Fe/H] -1.5, which is the metallicity of NGC 3201 (Dias et al. 2016b) 6 ; only three stars had a metallicity below that. Radial velocities are indicated in Fig. 2 and show no overlap. Therefore, field stars would have v helio <320 km/s and higher metallicities, that is they would be in the upper left quadrant, where there are no stars. In other words, all 28 valid stars were selected as members. The average velocity of the member stars is v helio = 460±63 km/s, which is compatible with 494km/s from Harris (1996 Harris ( , 2010 .
Definition of CN and CH indices
We adopt here the modified index definition of CN (S3839) and CH (G4300) by Harbeck et al. (2003) to have a homogeneous analysis and compare results with those from Kayser et al. (2008) who used Harbeck's definition. The indices defined by Harbeck et al. (2003) have slightly different spectral regions with respect to the classical ones defined by Norris & Smith (1981) in order to avoid strong hydrogen lines nearby in main sequence stellar spectra. This was not an issue for the RGB stars observed in the 1980s. The differences in the indices using different definitions are briefly discussed in Sect. 4.3.
Indices from Equations 1 and 2 were measured using an R code 7 written by B. Dias (see Fig. 3 ) resulting in 
Surface temperature and gravity effects
Both S(3839) and G4300 indices are sensitive to surface gravity and effective temperature (see Norris & Smith 1981) . Removing this dependency is a sine qua non condition for detecting their sensitivity to nitrogen and carbon. The typical proxies used to correct the indices are colour or magnitude (Norris & Smith 1981; Harbeck et al. 2003; Kayser et al. 2008; Campbell et al. 2012) . We adopt here a similar method to Pancino et al. (2010) who traced a ridge line in the distribution of index versus magnitude. Instead of a ridge line we fitted a second-order polynomial to this distribution; Figure 4 displays the polynomial fit to the data. The difference between the index and the polynomial for a given magnitude defines the excess indices δS(3839) and δG4300 that will be used in this paper from now on. We note that the spread seen in Fig. 4 is real because all member stars have σ CN < 0.06 and σ CH < 0.03. The parameters for all member stars are given in Table 2 . Notes.
(1) Star ID from our three masks. (3839) and G4300 for stellar surface temperature and gravity for 28 member and good quality (S/N CN ≥ 25) RGB stars of NGC 3201. We fitted a second-order polynomial to each dataset, which is represented by the red dashed lines. The difference between the indices and the fitted line for a given magnitude defines δS(3839) and δG4300. Symbols are the same as in Fig.2 . If the peculiar stars indicated by the crosses are not considered, two groups of stars with anticorrelated CN and CH can be identified: S1, indicated by squares, and S2, indicated by diamonds (see also Fig. 5 and discussions). Error bars are of the order of the point size, and are thus omitted in the plots.
Multiple stellar generations in NGC 3201
4.1. The unusual CN-CH anti-correlation of NGC 3201
We show in Fig. 5d the anti-correlation between the corrected indices δS(3839) and δG4300 for the 28 good quality member stars of NGC 3201. We split them into two CN-CH anti-correlation sequences, namely S1 and S2, and a group of CN-weak, CHweak peculiar (pec) stars. We fitted a second-order polynomial to S1 and shifted the curve to match S2 and peculiars. The separation between the sequences is ∆δG4300 = 0.1 mag, which is about 7σ distance. Therefore the separation of our sample into these groups is significative and we adopt the same point colours and shapes defined in Fig. 5d to the other plots in this paper. One peculiar star was already indicated by Norris (1982) and Da Costa et al. (1981) and we now increase this sample to four peculiar stars. The other panels of Fig. 5 show that stars from different groups are indistinguishable in the Na-O anti-correlation, at least with the limited sample we have. The usual correlations Na-CN and O-CH are also shown, where first (1G, Na-poor, CN-weak) and second generation (2G, Na-rich, CN-strong) stars can be identified. The globular cluster M 22 also has two sequences of C-N anti-correlation and the C-rich sequence is less populous than the C-poor sequence as in the case of S2 in comparison with S1 for NGC 3201. In the case of M 22, s-process element abundances were available and the conclusion of Marino et al. (2011) was that the C-poor/N-poor sequence (equivalent to S1) is s-poor and Fe-poor, while the C-rich/N-rich sequence (equivalent to S2) is s-rich and Fe-rich. Oxygen is the same for the two groups, A&A proofs: manuscript no. dias_mar18_SAGA good quality member stars, revealing three groups of stars: sequence 1 (S1), sequence 2 (S2), and peculiar (pec). A second-order polynomial was fitted to S1 stars and the same curve was shifted by 0.1 mag in δG4300 as in panel (c) to match the S2 stars, and by −0.1 mag to match the peculiar stars. Mean uncertainties are shown by the cross on the upper right corner of the panel.
but C+N+O is higher for the s-rich stars. High-resolution spectroscopy is needed to confirm whether NGC 3201 has an increasing C+N+O and s-process element abundances in the sequence S1-S2 as well. Gonzalez & Wallerstein (1998) found hints that O-rich NGC 3201 stars are depleted in [Ba/Eu]. In Fig. 5 we show that O-rich stars are C-rich, which would mean that the sequence pec-S1-S2 has decreasing s-element abundances, not increasing as is the case for M 22. However, 11 out of the 13 stars studied by Gonzalez & Wallerstein have constant [Ba/Eu] abundance ratios, and only two O-rich stars are depleted in Ba. A larger sample, preferably including the pec-S1-S2 stars, is needed in order to derive abundances of C, N, O, and s-/r-process elements. Lim et al. (2017) analysed the double CN-CH anticorrelation of M 22 in a different way. They argued that these stars show a positive CN-CH correlation, which is also the case for other anomalous clusters such as NGC 1851, NGC 6273, and NGC 5286. They showed that the CN-strong stars are s-rich, and CN-weak stars are s-poor. NGC 288 was used as reference and it shows only a single anti-correlation. If the CN-CH relation of NGC 3201 stars is interpreted following this line, it is another indication that the sequence pec-S1-S2 may have increasing selement abundances and possibly increasing metallicities.
The CN-CH anti-correlation can be explained by CN-cycle processing. Some clusters show that C+N increases with decreasing C (e.g. M 5; Cohen et al. 2002) and ON-cycle processed material is required to explain that. During the first dredge-up, the convective envelope of an RGB star can move material processed during the CNO cycle up to the atmosphere. However, for metal-poor stars, the convective envelope does not go deep enough to reach the H-burning shell to mix enhanced (or depleted) CNO-cycle processed elements. 8 NGC 3201 is relatively metal-poor, but S1, S2, and peculiar stars have different CH strength (proxy for C) and we can only speculate that these three groups may have different C+N abundances.
4.2. Seeking a photometric index that splits pec-S1-S2 stars Fig. 2 for the 28 good quality member stars. Dashed outer circle shows the half-light radius (r h = 3.1 ′ ), the internal dashed red circle is the core radius (r c = 1.3 ′ ), and the blue dashed square delimits the region of the HST observations used here.
We adopted the available UBVI photometry corrected by differential reddening by Kravtsov et al. (2009) to produce a Vc U,B,I diagram for NGC 3201. In Fig. 6 we show the sky distribution of the stars from Kravtsov et al. (2009) and identify the core radius and half-light radius, as well as our 28 targets. We plotted the pseudo-CMD, aka V-c U,B,I diagram, using stars from Fig. 6 and displayed them on Fig. 7 . We also fitted a second-order polynomial to all RGB stars within a box defined by 12 <V< 16 mag and −2.0 <c U,B,I < −1.7 mag. In a similar way to what it was done to correct S(3839) to δS(3839), we define δc U,B,I as the difference between c U,B,I and the fitted line for a given V magnitude.
The corrected spectroscopic index δS(3839) is plotted against the corrected photometric index δc U,B,I on the upper panels of Fig. 7 . Stars fainter than V>14 mag have larger photometric uncertainties and generate dispersion on the plot. If only bright stars are plotted, a correlation between these indices is clearly seen, as expected, and 1G and 2G stars are well separated. However, pec-S1-S2 stars are all mixed. In conclusion, δc U,B,I cannot split the three groups. UV filters are also useful to split the RGB of globular clusters. The Hubble Space Telescope (HST) Large Legacy Treasury Program had its first public data release with the homogeneous photometric catalogues published recently (Soto et al. 2017 ). This release is preliminary, therefore no differential reddening correction was taken into account, which could cause some dispersion on the photometric indices but not as much as ground-based photometry. This team defined the colour index
that is very sensitive to nitrogen abundances and is useful to disentangle 1G and 2G RGB stars in globular clusters.
The lower left panel of Fig. 7 shows the Vδc F275W,F336W,F438W diagram where the S2 CN-strong stars fall in between the CN-strong and CN-weak stars of S1, which is a possible explanation for why the RGB is not clearly bimodal but rather has a smooth transition. If S2 stars are indeed s-rich and S1 s-poor, the RGB in this CMD would have s-poor stars in the left branch and mixed s-poor and s-rich stars towards the right branch. We notice that the S1-1G star to the right is likely to be there because it has δS(3839) very close to zero and is therefore more sensitive to our definition of CN-strong and CN-weak with a cut at δS(3839) = 0. This CMD seems useful to split S1-2G from the others. As done for c U,B,I we also fitted a line to the RGB stars and defined the differential index δc 
These authors say that c B,V,I is not very sensitive to Na or N, but it was useful to separate s-rich and s-poor stars on NGC 5286. Although s-process element abundances do not directly affect broad-band filters, at least indirectly this index was able to split well the two groups of stars. They further claim that C+N+O abundances may also affect this index. In fact, s-rich stars are also rich in C+N+O in anomalous clusters. We use again the photometry from Kravtsov et al. (2009) to compare the photometric index with our spectroscopic measurements. We show in Fig. 9 a similar CMD to the one done in Fig. 7 but now with the colour defined by Eq. 5. We defined the differential index δc B,V,I in a similar way to that for δc U,B,I . Only A&A proofs: manuscript no. dias_mar18_SAGA 6 ). The bottom panels show the CMDs with our spectroscopic targets identified using the same symbols as in Fig. 2 stars brighter than V < 14 are analysed as before. All S2 stars are to the right of the fitted line, the pec are to the left, and S1 stars are spread around the curve. Kernel density estimations (KDEs) were produced for these stars separated into pec-S1-S2, and bandwidth as the average uncertainty. Although the KDEs are broad, it is possible to identify that the peaks follow the sequence pec-S1-S2 in terms of increasing δc B,V,I . In conclusion, δc B,V,I is able to split pec-S1-S2 NGC 3201 stars, even if not as clearly as for NGC 5286. If this index is able to split groups of stars with different C+N+O abundance and possibly s-process element abundances, NGC 3201 could join the group of anomalous clusters.
CN distribution
Campbell et al. (2012) revealed a quadrimodal CN distribution for the anomalous cluster NGC 1851. It is known that the more metal-rich the cluster the larger range its CN distribution has (e.g. Kayser et al. 2008; Schiavon et al. 2017; Milone et al. 2017) , therefore Campbell et al. compared NGC 1851 with NGC 288 that has a similar metallicity ([Fe/H] = −1.19, Dias et al. 2016b) . They concluded that both clusters indeed have similar ranges on the CN distribution, but NGC 288, taken as a typical globular cluster, has a clearly bimodal distribution, while NGC 1851 has a quadrimodal distribution. Moreover, they showed that the two CN-strong peaks are also Ba-rich, and the other two peaks are Ba-poor. We discuss whether a quadrimodal CN distribution can be another indicator of anomalous clusters. In order to compare NGC 3201 with other clusters, we produced the KDE for each cluster shown in Fig. 10 using the indices from the RGB stars of Kayser et al. (2008) corrected following Appendix A. The KDE smoothing bandwidth was considered as the average index uncertainty of each cluster. For each distribution we fitted the minimum number of Gaussian functions that was needed to converge the fit using non-linear least squares.
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They are shown in the figure and represent well the KDEs. The sigma of each Gaussian was forced to be similar to the average index uncertainty in each case. A possible check of the significance of the multi-gaussian fit is the number of degrees of freedom. Each Gaussian has two variables to be fit, therefore at least three points per Gaussian are needed in order to give flexibility for the fit to proceed. For NGC 288, two Gaussians were fitted to 16 points, which is more than six, hence the result does not over-fit the KDE. The same applies for all other clusters.
The CN distribution for all 28 good quality member RGB stars from our NGC 3201 sample shows four peaks (see Fig.  10 ). This is not similar to the bimodal CN distribution of typical Milky Way GCs NGC 288 and NGC 362 10 , even though it covers the same range and the stars have similar metallicities. We also compare with the CN distribution of the anomalous cluster M 22, that presents two peaks with an uneven distribution. Although it does not have four peaks like NGC 1851, the CN-strong stars are s-rich and CN-weak are s-poor (e.g. Marino et al. 2011) . The three bottom panels show the KDEs of our sample divided into pec, S1, and S2. We argued before about the possibility of an increasing s-process element abundance from pec to S2. Here we show that, in fact, pec stars are all CN-weak and S2 stars are predominantly CN-strong. Stars of type S1 cover the full range.
We also checked the stability of the δS(3839) distribution shape considering another definition for this index applied by Smith & Norris (1982) that uses slightly different wavelength limits. They analysed the NGC 3201 CN distribution for RGB stars brighter than V < 14 mag and only had one peculiar star in their sample. They found a bimodal distribution with no sharp separation between the peaks. We applied the same strategy as above and scaled S(3839) to δS(3839) from Smith & Norris (1982) in the same way we did for our data and for Kayser et al. (Appendix A) . The resulting curves are shown in Fig. 11 assuming a constant error bar of 0.05 dex as the KDE bandwidth. We reproduce the four bottom panels of Fig. 10 on the four bottom panels of Fig. 11 , but now using the same S(3839) definition as in Smith & Norris for a fair comparison. Their KDE presents 10 See also Milone et al. (2017) who classified NGC 362 as type II with a small extra group of 2G stars, difficult to detect here with a sample of 20 stars. (2012), Norris & Freeman (1983) , and Smith & Norris (1982) for a fair comparison with their results on NGC 1851, M 22, and NGC 3201, respectively.The KDE bandwith is the average uncertainty of each dataset, i.e., σ NGC1851 = 0.035, σ M22 = 0.07, and σ NGC3201 = 0.05, respectively. The KDE bandwith for our dataset is 0.031. δS(3839) was calculated for all samples following the same strategy as done in Fig. 4 .
three peaks while ours have five. This difference is probably because we have less stars and smaller error bars, therefore our results are more sensitive to individual isolated points. Nevertheless both samples cover the same CN range and have a dominant 1G population and a multi-peak 2G population. If our curves for NGC 3201 are compared between Figs. 10 and 11, both present a dominant 1G peak and a 2G multi-peak population. The separation in pec., S1, and S2 is also similar. Norris & Freeman (1983) observed 100 stars in M 22 and we show their CN distribution in Fig. 11 . It is comparable to the distribution shown in Fig. 10 with data from Kayser et al. (2008) . The main difference is that Norris & Freeman have many more stars and their data reveal two additional extreme peaks with CN-stronger and CN-weaker stars. In other words, M 22 also has a quadrimodal CN distribution with a division of s-rich and s-poor stars as in the case of NGC 1851. In the same Fig. 11 we also show the results of NGC 1851 analysed by Campbell et al. and scaled in the same way as in Fig. 4 for consistency. The quadrimodal distribution found by Campbell et al. (2012) is still present in this plot if the right peak is ignored because it has only one star, and if the two central peaks are considered as one peak. In fact, the peaks found for NGC 1851 in the original paper do not necessarily follow a Gaussian shape. This complexity resembles that of NGC 3201 from our data.
The conclusion is that the shape of the distribution is sensitive to the definition of the index S(3839), sample size, and uncertainties. Not surprisingly, the clearly bimodal distribution of NGC 362 from Fig. 10 does not look as smooth in Smith (1983) and Norris (1987) . Nevertheless, both concluded that this cluster has a bimodal CN distribution. The complexity may come A&A proofs: manuscript no. dias_mar18_SAGA from the fact that photometric indices were used instead of spectroscopic ones. More recently, Milone et al. (2017) have shown that the pair of clusters NGC 288 and NGC 362 do have a very similar chromosome map, but the latter reveals a small population of redder RGB stars, which made this cluster a type-II GC according to their classification. In other words, the CN distribution alone cannot be used to split groups of clusters, but it is certainly a valid piece of information in the vast parameter space that is required to disentangle the multiple populations within a GC and eventually correlate to global properties and environmental effects. In fact, the majority of the clusters analysed by Norris (1987) with CN distributions, by Carretta et al. (2009) with Na-O anti-correlations, and by Milone et al. (2017) with photometric chromosome maps show two main populations of stars. Any cluster that differs from that behaviour requires special treatment. We have shown in Figs. 10 and 11 that the clusters M 22, NGC 1851, and NGC 3201 do present an odd CN distribution. S-process element abundances, such as Y, Zr, Ba, La, and Nd in contrast with r-process Eu, and also C+N+O abundances are needed in order to split these sub-populations.
Galactic or extragalactic?
Anomalous clusters like M 22, NGC 1851, M 2, and NGC 5286 all present Fe/s-rich and Fe/s-poor stars, even though the Fespread is still under discussion for some of them. In all cases where abundances are available, s-rich and s-poor stars also present different abundances of C+N+O. These groups correlate well with an SGB and RGB split if appropriate colours are used in the CMD. Each group has its own Na-O and C-N anti-correlations that are typical signatures of GCs. While the explanation for the anti-correlations seems to be related to self-pollution of second generation stars by the primordial population, the split into Fe/s-rich and Fe/s-poor stars for a few anomalous clusters is not explained by the same mechanisms. Bekki & Yong (2012) proposed that such clusters could be the result of a merger of two clusters. This is likely to happen in the nucleus of dwarf galaxies where relative velocities and the volume are smaller than that of the Milky Way halo. Should this scenario be true, then the anomalous clusters would have an extragalactic origin from dwarf galaxies captured by the Milky Way (but see also Marino et al. 2015; Da Costa 2015; Bastian & Lardo 2018) . We use the expression 'extragalactic chemical tagging' to refer to this small group of anomalous clusters, although the accuracy of this term is still debatable and is part of a complex topic of study that has been developed in the last decade. In this context, we try to tag NGC 3201 as a anomalous GC belonging to this group or not.
In the previous section we showed that NGC 3201 presents three groups on the CN-CH correlation plot, namely pec, S1, and S2, split by 7σ in CH. An indication that these groups have different abundances of C+N+O and s-process elements was revealed by photometric indices. Another mild constraint is the CN distribution that seems to be multi-modal for anomalous clusters and this is also the case for NGC 3201. These three points indicate that NGC 3201 may be included in this selected group of globular clusters, with the note that it is possibly a transient object between typical and anomalous GCs, because the features listed above are not extreme for NGC 3201. In fact, even the star-to-star Fe spread has been discussed in the literature (see Simmerer et al. 2013; Covey et al. 2003; Muñoz et al. 2013; Mucciarelli et al. 2015a ). We further note that Da Costa (2015) included M 22 to this group because it has a spread in sprocess element abundances, in spite of its uncertain Fe-spread.
NGC 3201 provokes a similar discussion on the Fe-spread but Da Costa did not consider this cluster anomalous because no detailed study on C+N+O and s-process elements was available yet. We have presented some indication from photometry in this direction to be confirmed by high-resolution spectroscopy.
Stellar nucleosynthesis versus environmental effects
Environmental effects such as GC merger and extragalactic origin are not the only possible explanation for the more complex GCs with unusual multiple populations. One example is NGC 2808 that presents three to five populations as shown by different analyses (e.g. Carretta 2015; Marino et al. 2017; Milone et al. 2017, and others) . Stars in NGC 2808 all have the same metallicity as opposed to M 22 and NGC 1851. The five populations of NGC 2808 are characterised by large variations in light-element abundances, such as Na, O, Mg, and Al. Moreover, it was found that He abundance variations plays an important role in characterising NGC 2808 populations (e.g. Bragaglia et al. 2010; Marino et al. 2017) . For reference, we note that NGC 6121 (M 4) has a similar metallicity of [Fe/H]≈-1.1, but shows a bimodal distribution of Na and CN (Marino et al. 2008) .
A comparison cluster for NGC 3201 with similar metallicity is NGC 6752, which presents a bimodal CN distribution ). However, high-resolution multiband photometry and spectroscopy revealed a third population for NGC 6752 (e.g. Milone et al. 2013; Nardiello et al. 2015; Gruyters et al. 2014 ). The explanation is that the three populations have different light-element abundance ratios and also helium abundances Nardiello et al. 2015) . In fact, NGC 6752 has a complex horizontal branch morphology that may be related to He abundances (Momany et al. 2002) . Therefore He, and proton-capture element abundance variations could be enough to explain multiple populations, however heavier elements such as Fe and neutron-capture (and the sum C+N+O) tend to vary within a GC only for anomalous cases such as M 22 and NGC 1851 discussed above. Yong et al. (2013) found correlations of s-process elements with Na (that correlates with CN) for NGC 6752, although very small variations of s-process element abundances were measured. No bimodality or clear separation between s-rich and s-poor stars was reported (as is the case for M22 and NGC1851). Yong et al. also speculated that this should be the case for all GCs if they underwent extremely accurate spectroscopic analysis. Yong et al. (2015) found no spread on the C+N+O for NGC 6752. In summary, NGC 6752 does not have two populations of s-rich (high C+N+O) and s-poor (low C+N+O), as is the case for M22 and NGC1851 (see also Carretta et al. 2005) . The three populations found for NGC 6752 with photometry and spectroscopy are related to light-element and helium abundances. NGC 3201 has a similar metallicity and mass to NGC 6752 but differs in many other aspects: (i) it does not show a bimodal CN distribution, but a complex KDE resembling NGC 1851; (ii) CN-CH anticorrelation reveal two trends similar to the findings for M 22, as well as a group of peculiar stars; (iii) it has a much redder horizontal branch (HB) morphology that covers red and blue colours similar to but not as separated as the HB of NGC 1851 11 (Mackey & van den Bergh 2005) . The difference in HB index is consistent with NGC 3201 being 1 Gyr younger than NGC 6752 (Rey et al. 2001; VandenBerg et al. 2013; Dias et al. 2016a ).
In conclusion, if the three groups we found for NGC 3201 on our CN-CH analysis have different s-process-element and C+N+O abundances, we may consider it a study case together with the other anomalous GCs in view of the formation scenario of the merger of GCs in the nuclei of dwarf galaxies. If it only possesses a very small variation of s-process-element and C+N+O abundances, and a possible mild trend or correlation of Na(CN) with s-process-element abundances (as for NGC 6752; Yong et al. 2015) , then it is either a typical GC with an odd CN-CH relation or an anomalous GC without C+N+O and s-element abundance variations. Another possibility is that NGC 3201 could be a transition cluster in the sequence of CN-CH anti-correlation to CN-CH correlation shown by Lim et al. (2017) .
High-resolution spectroscopic analysis is needed at least to measure s-process-element and C+N+O abundances of the 28 NGC 3201 stars analysed here. Another analysis that may help is a second-parameter analysis between NGC 6752 and NGC 3201 to check whether only metallicity and age (plus the complex He contents of the former) are enough to explain the HB morphology differences between the clusters or if NGC 3201 needs to have He abundance variations to produce such HB.
Anomalous clusters from the nucleus of dwarf galaxies
Anomalous clusters are among the most luminous in the Milky Way. Those with M V −7.9 (i.e. M 2 × 10 5 M ⊙ ) account for 41 out of 157 from the catalogue of Harris (1996 edition). Da Costa (2015 said that 13 of those are unstudied or poorly studied. In other words, if nine anomalous massive clusters were found among the 28 well-studied massive clusters, we can extrapolate this ratio of 32% to the total sample from the Harris catalogue and predict that about 13 massive clusters should be anomalous in the Milky Way. This is already about 50% more than the eight clusters predicted by Da Costa. Instead, if we consider clusters of all masses, the first approximation is to assume that the 70% of the catalogued clusters that have metallicity measured spectroscopically (Dias et al. 2016b ) also have detailed enough studies to detect Fe-spread. In this case 8% of all clusters should be anomalous, which leads us again to a total of about 13 clusters. Assuming that for half of these clusters there was minimal spectroscopic information, then the number of anomalous GC could be doubled to 26 of all masses. Some effort has been done to find more candidates to host Fespread (e.g. Saviane et al. 2012) . We are still far from having a complete view and a explanation for these peculiar clusters (Bastian & Lardo 2018) .
We compare the structural parameters of NGC 3201 with the anomalous and to the non-peculiar massive GC NGC 6752 in Fig. 12 . Mass and size were taken from Norris et al. (2014) , and when not available for the GC we interpolated from the fitted relation between M V from Harris (1996 Harris ( , edition 2010 and the masses derived by Norris et al.
We note that all anomalous clusters follow a tight mass-size relation in a region on the plot where objects could be the result of a disruption of a nucleated dwarf galaxy (e.g. Bekki & Freeman 2003; Pfeffer & Baumgardt 2013 ). As we discussed before, not all massive clusters have the same characteristics and NGC 6752 is plotted to illustrate that not all GCs following this trend are anomalous. Surprisingly, NGC 3201 does not belong to the trend of anomalous clusters, despite the other common characteristics discussed in this paper. Should this trend of anomalous clusters in Fig. 12 be the locus of anomalous clusters with a possible extragalactic origin, it could mean that NGC 3201 is the first anomalous GC with a different formation scenario, or that the explanation for the origin of all anomalous clusters should be revised, including NGC 3201. Mass-size distribution of compact stellar systems with data from Norris et al. (2014) . We highlight the nine anomalous GCs listed by Da Costa (2015) and Marino et al. (2015) . We also feature NGC 3201 and the massive GC with no dispersion in Fe or s-process elements, NGC 6752.
Anomalous clusters from the merger of two clusters
The small group of CN-weak and CH-weak peculiar stars we found in NGC 3201 is intriguing. We evaluate here a possible external origin for them. One possibility is to look at the G4300 indices of NGC 3201 in Fig. 4 and compare them with those from NGC 362, which has a similar metallicity, in Fig. A.2 . Stars from NGC 362 are systematically weaker in CH (∆ = 0.1 mag), with a similar CN. This is basically the difference between pec and S1-1G stars in NGC 3201. We added the peculiar stars of NGC 3201 to the plot of NGC 362 in Fig. A. 2 after correcting the magnitudes by the distance modulus difference of 0.63 mag (Harris 1996 (Harris , 2010 , for a better visualization. In fact, the peculiar stars are in good agreement with 1G stars of NGC 362; they are CN-weak and CH-strong. Therefore, the Milky Way has a GC with 1G stars matching the metallicities and CN-CH contents of pec stars in NGC 3201. Should this scenario of merger be true, there is already a pair of real clusters as constraints for the models. As a result, CN-CH is useful to find potential mergers. For Na-O anti-correlation the differences between clusters are less noticeable (Carretta et al. 2009 ) and Fig. 4 confirms that peculiar, S1, and S2 stars all follow similar trends of Na-O. Another point of view is that there are only 1G peculiar stars and not 2G stars, that are typical signatures of GCs. Globular cluster 2G stars are more abundant than 1G stars, so if they were present in the peculiar group, we should have detected them. A&A proofs: manuscript no. dias_mar18_SAGA This characteristic is typical in field stars, that are all 1G stars. In conclusion, we may be looking for an early GC-GC merging of one typical GC with another with only first generation stars, both with the same metallicity or the merging of the progenitor of NGC 3201 with the building blocks of the Milky Way halo (in a single metallicity environment) that almost exclusively presents 1G stars (e.g. Fernández-Trincado et al. 2016) . If this scenario is correct, some questions still need to be answered. What is the probability of a merger of two globular clusters with similar metallicity? Is a merger enough to produce a retrograde orbit? Was NGC 3201 formed in the nucleus of a dwarf galaxy? If so, why do we not detect a stellar stream or halo in such an empty region of the sky?
Summary and conclusions
We have obtained low-resolution spectra of RGB stars in the GC NGC 3201, derived CN and CH indices, and characterised its multiple stellar generations. Three groups were found in the CN-CH relation for the first time for NGC 3201: the main sequence S1, a secondary less-populated sequence S2, and a peculiar group pec with only CN-weak and CH-weak stars. The three groups are separated by 0.1 mag in CH, which is at 7σ distance. Although the stars are located around the RGB bump or above, no differences were found in the sequences due to extra mixing, possibly because NGC 3201 is relatively metal-poor and the convective cell does not reach the H-burning shell to mix up the CNO-cycle processed material.
Photometric indices were calculated from publicly available catalogues from observations with ground-based and spacebased telescopes to find one that splits the groups pec-S1-S2. The key is the use of UV filters that are sensitive to light chemical elements. The index δc U,B,I was only able to separate 1G from 2G stars. The V-δc F275W,F336W,F438W diagram revealed that S1 stars are well split into 1G and 2G along the RGB, and that the smooth transition between the two arms of the RGB havs S2 and pec. stars, which could explain why this cluster does not show a totally bifurcated RGB. The δCN-δc F275W,F336W,F438W correlation was useful to find peculiar stars, and the chromosome map δc F275W,I -δc F275W,F336W,F438W separates 1G and 2G stars well only for S1, while S2 and pec stars are concentrated. Probably the most interesting index is δc B,V,I that was able to split the groups in this increasing sequence pec-S1-S2. Although sprocess elements do not directly affect broad-band magnitudes, for the case of NGC 5286 this index splits s-Fe-rich from s-Fepoor stars very well. These groups might also correlate with differences in C+N+O, like other anomalous clusters. In fact, it was shown that anomalous clusters have a correlation in CN-CH with increasing abundances of Fe, C+N+O, and s-process elements. High-resolution spectroscopic analysis is needed to confirm this finding for NGC 3201.
Kernel density estimation of CN indices of NGC 3201 stars were compared to other clusters. We note that the distributions are sensitive to the size sample, uncertainties, and definition of the index, therefore the evidence found in this analysis is mild. We conclude that anomalous GCs like M 22 and NGC 1851 show a quadrimodal CN distribution while typical Milky Way GCs, like NGC 288 and NGC 362, reveal a bimodal CN distribution. We uncover a quadrimodal CN distribution for NGC 3201, resembling that of anomalous clusters.
NGC 3201 cannot be classified as a typical Milky Way GC, but its inclusion in the anomalous group needs confirmation by high-resolution spectroscopic analysis. So far, all anomalous clusters present star-to-star variation of Fe, C+N+O, and sprocess elements, where each group has its own anti-correlations of p-capture elements (Na-O, CN-CH), whenever these abundances are available. NGC 3201 is an exceptional case with multiple sequences of CN-CH that seems to correlate with C+N+O and s-process-element abundances, but with no Fe-spread (or at least debatable as in the case of M 22).
A possible scenario for the origin of anomalous clusters is in the nucleus of dwarf galaxies. Anomalous GCs seem to follow a trend on the mass-size relation. Some models have shown how larger galaxies may evolve to ultra compact dwarfs and how dwarf galaxies can evolve to globular clusters. NGC 6752 illustrates that not all clusters in this trend are anomalous. NGC 3201 does not follow this trend. If the locus of an anomalous cluster is only in this trend of mass-size, either the scenario needs revision to incorporate NGC 3201, or NGC 3201 is not anomalous but a rather abnormal cluster.
Four peculiar stars were discovered presenting CN-weak and CH-weak indices. One of such stars was already indicated by Norris (1982) and Da Costa et al. (1981) . The nature and origin of this group of stars needs further study with highresolution spectroscopy and detailed chemical abundance analysis. Our proposal scenario to explain these stars is that they were accreted to NGC 3201 during a GC-GC merger, where one of them had only 1G stars, or because NGC 3201 was born in the nucleus of a dwarf galaxy and accreted 1G field stars. All stars should have the same metallicity and similar distribution of CN indices, but with a systematic difference in CH indices.
We compared NGC 3201 with NGC 6752 that has similar mass and metallicity. The latter follows the mass-size relation of anomalous clusters but it has its complexities in the horizontal branch (HB) driven by He abundances. The difference in HB morphology can be explained by the age difference of 1 Gyr. Despite the similarities in global parameters, NGC 6752 does not show complexities similar to the anomalous GCs. In other words, a combination of mass, size, metallicity, age, and nucleosynthesis does not mean that a GC is anomalous. The origin of the anomalies of NGC 3201 and anomalous GCs seems to be external.
Finally, we envisage three possibilities for NGC 3201:
1. CN-CH pec-S1-S2 is an increasing sequence of C+N+O and s-process-element abundances, which means that NGC 3201 would be the first anomalous GC out of the mass-size relation. 2. pec-S1-S2 have the same contents of C+N+O and s-processelement abundances, which means that NGC 3201 would be the first non-anomalous GC with multiple CN-CH anticorrelation. 3. pec-S1-S2 have the same contents of C+N+O and s-processelement abundances, and NGC 3201 would be the first anomalous GC without star-to-star C+N+O and s-processelement abundances.
In all cases, the definition of anomalous clusters and the scenario in which they have an extragalactic origin must be revised. (I) definition for a general case, taking into account one or n continua regions, is expressed by I = −2.5 log
with F(λ) the flux in the band and F c (λ) the flux in the continuum at the wavelength λ. Then, defining ∆λ = λ 2 − λ 1 and ∆λ c i = λ 2,i − λ 1,i , and applying the mean value theorem, the expression can be written as which is the error of an index with n continua regions. The errors of indices S(3839) and G4300 as a function of signal-to-noise ratio are given in Fig. B. 1. This relation is useful to plan observations for other objects estimating the minimum S/N to reach the desired precision. In this work we used only spectra with S/N CN > 25 (i.e. S/N CH > 55) in our analysis. 
